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electric appliance based on user feedbacks and a power moni-
toring method thereof are provided. The power monitoring
device includes a measurement module, a variation detection
and search module, and an electric appliance signature data-
base established based on user feedbacks. When the measure-
ment module detects a variation of a power consumption
feature, the variation detection and search module searches
the electric appliance signature database according to the
variation to obtain electric appliances similar to the variation
and the states thereof. A user contributes data to the electric
appliance signature database by confirming the search result,
or selecting the correct electric appliance and the state
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monitoring device establishes an association between the
electric appliance and its electric appliance signatures and
updates the electric appliance signature database.
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1
POWER MONITORING DEVICE FOR
IDENTIFYING STATE OF ELECTRIC
APPLIANCE AND POWER MONITORING
METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of Taiwan
application serial no. 99121853, filed on Jul. 2, 2010. The
entirety of the above-mentioned patent application is hereby
incorporated by reference herein and made a part of this
specification.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention generally relates to a power measurement
and monitoring technique, and more particularly, to a power
monitoring technique for identifying the state of an electric
appliance based on the feedbacks from users, such that the
user can understand the power consumption of individual
appliances conveniently.

2. Description of Related Art

Power monitoring devices (also referred to as electricity
meters) are devices used for measuring and monitoring power
consumptions of residential and industrial areas or electric
appliances. A power company can sell electric power based
on the power consumption information shown on an electric-
ity meter, and auser can install an electricity meter at the main
power supply or a power supply in his/her house or company
to monitor the power consumption.

In recent years, energy saving and carbon reduction have
become a hot topic in our society. Most electricity meters
currently used by power companies are mechanical meters
that can only display the total power consumption informa-
tion of a house or building but cannot provide real-time power
consumption at specific time or period. Thus, in many coun-
tries around the world, digital smart electricity meters (or
smart meters in short) are being enthusiastically promoted for
the construction of smart power supply networks (or smart
grids in short). A smart meter can report the real-time power
consumption to users and electric utility company. An electric
utility company can further predict or manage the residential
and industrial power consumptions during peak hours. To a
user, a smart meter allows the user to understand the power
consumption situation of his/her house, building or company
at any time and can turn off those unused electric appliances
to reduce electricity cost.

Taking household electricity consumption as an example, a
conventional smart meter is usually installed at the main
power supply in a house or a building. Thus, the user can only
monitor the main power supply and obtain the power con-
sumption information of the main power supply but not the
detailed power consumption information of each electric
appliance in his/her house or building. According to research
results, 25% to 30% power consumption can be reduced if
users are able to know the power consumption situation of
each electric appliance in their houses or companies. There-
fore, smart meter may integrate nonintrusive load monitoring
(NILM) technique so that detailed power consumption infor-
mation of individual appliances can be provided. However,
smart meter with NILM feature may not be able to correctly
detect different types of electric appliances due to the diffi-
culty in collecting the power consumption feature data for a
large amount of different appliances and new models.
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2

Besides, it is impossible to compare the power consumptions
of'the same electric appliance or different electric appliances
having the same function in different places, houses, and
building or to understand the efficiency of an electric appli-
ance or determine the power consumption cause. As a result,
the conventional smart meter may not be able to help users to
understand the power consumption situation of each electric
appliance in his/her house, manage the electric appliances
with high power consumptions, determine the power con-
sumption cause, or draw up a power-saving plan effectively.

If a user wants to monitor the power consumed by each
electric appliance in his/her house and accordingly deter-
mines the power consumption cause, another solution is to
attach a power consumption monitoring device or sensor
similar to a smart meter to each electrical outlet in the user’s
house. A user may not be willing to install the power moni-
toring system described above since the user has to install a
large number of power consumption monitoring device or
sensors to every electrical outlet and spend cost and effort for
the installation.

SUMMARY OF THE INVENTION

The invention is directed to a power monitoring device for
identifying the state of an electric appliance based on user
feedbacks and a power monitoring method therefor. The
power monitoring device searches an electric appliance sig-
nature database according to variation of power consumption
features to find candidate electric appliances and states of the
electric appliances. Meanwhile, a user contributes data to the
electric appliance signature database by confirming the
search result, or selecting a correct electric appliance (or a set
of correct electric appliances) from the candidate electric
appliances, or providing the correct electric appliance(s) by
his/her own self. A power consumption feature of the electric
appliance confirmed by the user and the corresponding infor-
mation are used for updating the electric appliance signature
database. In other words, associations between electric appli-
ances, states of the electric appliances, and power consump-
tion features of the electric appliances (i.e., an electric appli-
ance signature database) are established based on user
feedbacks. Therefore, an electric appliance and the state of
the electric appliance are identified according to the electric
appliance signature database, and the user can understand the
efficiency and power consumption cause of a currently used
electric appliance in comparison with other same electric
appliances or other electric appliances with the same func-
tions. This function can be achieved by recording the power
consumption of the electric appliances and comparing the
power consumption features of other electric appliances. The
invention helps user in drawing up a power-saving plan and
reducing power consumption effectively.

The invention provides a power monitoring device for
identifying the state of an electric appliance based on user
feedbacks. The power monitoring device includes a measure-
ment module, a variation detection and search module, and an
electric appliance signature database established based on
user feedbacks. The measurement module measures a power
consumption feature of a power supply, wherein the power
supply supplies electric power to a plurality of electric appli-
ances. The variation detection and search module is coupled
to the measurement module, and which detects and calculates
avariation of the power consumption feature. When the varia-
tion is detected, the variation detection and search module
searches the electric appliance signature database according
to the variation to obtain one or more candidate electric appli-
ances similar to the variation and states of the electric appli-
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ances or a combination of a plurality of candidate electric
appliance states. Meanwhile, a user contributes data to the
electric appliance signature database by confirming the
search result, or selecting a correct electric appliance (or a set
of correct electric appliances) among the candidate electric
appliances, or providing the correct electric appliance(s) by
his/her own self. A power consumption feature of the electric
appliance confirmed by the user and the corresponding infor-
mation are used for updating the electric appliance signature
database. According to an embodiment of the invention, the
measurement module includes a filter unit and a power con-
sumption feature measurement unit. The filter unit measures
the power consumption feature of the power supply and filters
out noises in the power consumption feature. The power
consumption feature measurement unit is coupled to the filter
unit, and which samples the power consumption feature to
obtain a characteristic parameter list of the power consump-
tion feature.

According to an embodiment of the invention, the variation
detection and search module includes a memory unit and a
search unit. The memory unit stores the complete or partial
electric appliance signature database. The search unit is
coupled to the memory unit, and which detects and calculates
a variation characteristic parameter list of the variation
according to the characteristic parameter list of the power
consumption feature and a previous characteristic parameter
list of the power consumption feature. When the variation is
greater than a threshold, the search unit searches the electric
appliance signature database according to the variation char-
acteristic parameter list to obtain one or more candidate elec-
tric appliances similar to the variation and states of the elec-
tric appliances or a combination of a plurality of candidate
electric appliance states. Meanwhile, the user contributes
data to the electric appliance signature database by confirm-
ing the search result, or selecting a correct electric appliance
(or a set of correct electric appliances) among the candidate
electric appliances, or providing the correct electric
appliance(s) by his/her own self. A power consumption fea-
ture of the electric appliance confirmed by the user and the
corresponding information are used for updating the electric
appliance signature database.

According to an embodiment of the invention, the variation
detection and search module includes a variation detection
unit, a transmission interface unit, and a search module. The
variation detection unit detects and calculates the variation
characteristic parameter list of the variation according to the
characteristic parameter list of the power consumption fea-
ture and the previous characteristic parameter list of the
power consumption feature. When the variation is greater
than the threshold, the variation detection unit generates a
variation signature packet, wherein the variation signature
packet contains the variation characteristic parameter list.
The transmission interface unit is coupled to the variation
detection unit, and which transmits the variation signature
packet via a network transmission path. The search module
receives the variation signature packet via the network trans-
mission path and searches the electric appliance signature
database according to the variation characteristic parameter
list in the variation signature packet, so as to obtain one or
more candidate electric appliances similar to the variation and
states of the electric appliances or a combination of a plurality
of candidate electric appliance states.

Meanwhile, the user contributes data to the electric appli-
ance signature database by confirming the search result, or
selecting a correct electric appliance (or a set of correct elec-
tric appliances) among the candidate electric appliances, or
providing the correct electric appliance(s) by his/her own
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4

self. A power consumption feature of the electric appliance
confirmed by the user and the corresponding information are
used for updating the electric appliance signature database.

The invention provides a power monitoring method for
identifying the state of an electric appliance based on user
feedbacks. The power monitoring method includes following
steps. A power consumption feature of a power supply is
measured and sampled, wherein the power supply supplies
electric powerto a plurality of electric appliances. A variation
of'the power consumption feature is detected and calculated.
When the variation is detected, an electric appliance signature
database is searched according to the variation to obtain one
or more candidate electric appliances similar to the variation
and states of the electric appliances or a combination of a
plurality of candidate electric appliance states.

Meanwhile, a user contributes data to the electric appliance
signature database by confirming the search result, or select-
ing a correct electric appliance (or a set of correct electric
appliances) among the candidate electric appliances, or pro-
viding the correct electric appliance(s) by his’her own self. A
power consumption feature of the electric appliance con-
firmed by the user and the corresponding information are
used for updating the electric appliance signature database.

According to an embodiment of the invention, the step of
searching the electric appliance signature database according
to the variation includes following steps. A Fourier transform
is performed on a variable current wave in a variation char-
acteristic parameter list to obtain a comparison of harmonic
wave information. The electric appliance signature database
is searched according to a current variation, current harmonic
wave information, active power, reactive power, and a tran-
sient current wave produced when an electric appliance
switches states to obtain one or more candidate electric appli-
ances similar to the variation and states of the electric appli-
ances or a combination of a plurality of candidate electric
appliance states.

As described above, in an embodiment of the invention,
when the state of an electric appliance changes, a correspond-
ing variation of the power consumption feature of the electric
appliance is produced. Accordingly, associations between
electric appliances, states of the electric appliances, and
variations of the power consumption features of the electric
appliances (i.e., an electric appliance signature database) are
established with user feedbacks. Then, in an embodiment of
the invention, the electric appliance signature database is
searched according to a variation of a power consumption
feature (for example, voltage, current, or power) of a moni-
tored power supply, so as to identify an electric appliance and
the state thereof. Thereby, a power monitoring device can
record the power consumption of each electric appliance
according to the variation of the state of the electric appliance,
and accordingly a user can conveniently determine the power
consumption cause and reduce the power consumption.

Additionally, in an embodiment of the invention, a large
electric appliance signature database and a highly efficient
database searching capability are provided through the Inter-
net and the cloud computing technology such that a user can
record the brand, model, power consumption cause, and
power-saving suggestions of his/her electric appliances into
the electric appliance signature database. Accordingly, such
functions as a more specific power saving and management
plan, automatic power consumption cause judgment, power
consumption distribution analysis, and automatic power sav-
ing control can be achieved.

These and other exemplary embodiments, features,
aspects, and advantages of the invention will be described and
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become more apparent from the detailed description of exem-
plary embodiments when read in conjunction with accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the invention, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the invention and, together with the
description, serve to explain the principles of the invention.

FIG. 1 is a diagram of a power monitoring device for
identifying the state of an electric appliance according to a
first embodiment of the invention.

FIG. 2 is a block diagram of a power monitoring device for
identifying the state of an electric appliance according to the
first embodiment of the invention.

FIG. 3 is a detailed block diagram of the power monitoring
device in FIG. 2.

FIG. 4 is a flowchart of a power monitoring method for
identifying the state of an electric appliance according to the
first embodiment of the invention.

FIG. 5A illustrates a previously sampled current wave of a
main power supply.

FIG. 5B illustrates a currently sampled current wave of a
main power supply.

FIG. 6 is a diagram of a power monitoring device for
identifying the state of an electric appliance according to a
second embodiment of the invention.

FIG. 7 is a block diagram of a power monitoring device for
identifying the state of an electric appliance according to the
second embodiment of the invention.

FIG. 8 is a diagram of a power monitoring system for
identifying the state of an electric appliance according to a
third embodiment of the invention.

FIG. 9 is a diagram of an electricity meter topology net-
work in FIG. 8.

FIG. 10A is a partial view of the power monitoring system
in FIG. 8.

FIG. 10B is a diagram of an electricity meter topology
network in FIG. 10A.

FIG. 11 is a flowchart of a power monitoring method for
identifying the state of an electric appliance according to a
fourth embodiment of the invention.

FIG. 12 is a detailed flowchart of step S1140 in FIG. 11.

FIG. 13 is a diagram illustrating the time synchronization
in step S1210.

FIG. 14 is a diagram illustrating a first variation, a second
variation, and a first electric appliance variation in step
$1220.

FIG. 15 is a flowchart of a power monitoring method for
identifying the state of an electric appliance according to the
third embodiment of the invention.

DESCRIPTION OF THE EMBODIMENTS

Reference will now be made in detail to the present pre-
ferred embodiments of the invention, examples of which are
illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers are used in the drawings
and the description to refer to the same or like parts.

FIG. 1 is a diagram of a power monitoring device 10 for
identifying the state of an electric appliance based on user
feedbacks according to a first embodiment of the invention. In
the present embodiment, a household AC main power supply
TP is monitored. However, the invention is not limited
thereto, and in other embodiments, the power monitoring
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device 10 may be adopted by an enterprise or a power com-
pany for power supply management or used for monitoring
any power supply. Referring to FIG. 1, there is a plurality of
electric appliances 110-1-110-N in a building 100, wherein N
is a positive integer greater than 1. For the convenience of
description, in the present embodiment, N is set to 5, and the
power monitoring device 10 can monitor at most 30 to 50
electric appliances or an AC of about 100 amp. However, the
invention is not limited thereto. The main power supply TP
supplies electric power to the electric appliances 110-1-110-
5.

In the present embodiment, the power monitoring device
10 obtains mode information of the electric appliances 110-
1-110-5 based on the power consumption information (for
example, the change of current wave or power) of these elec-
tric appliances produced when the electric appliances switch
modes, so as to monitor the power consumption statuses of
the electric appliances 110-1-110-5. In other words, when
one of the electric appliances switches states, the power
monitoring device 10 identifies the state of the electric appli-
ance according to a variation in a power consumption feature
of the main power supply TP. In addition, an electric appli-
ance may have many different operation modes (also referred
to as states of the electric appliance). For example, a fan has
different speeds, and an air conditioner has dehumidification,
fan, and sleep modes, etc. Electric appliances of different
brands or models have slightly different power consumption
performances. Thus, in the present embodiment, besides
monitoring the on/oft of an electric appliance, the type, state,
or even brand and model of the electric appliance can be
identified according to the variation in the power consump-
tion feature of the main power supply TP. The structure and
operation of the power monitoring device 10 can be referred
to FIG. 2. FIG. 2 is a block diagram of the power monitoring
device 10 according to the first embodiment of the invention.

Referring to FIG. 2, the power monitoring device 10
includes a measurement module 210 and a variation detection
and search module and electric appliance signature database
220, wherein the electric appliance signature database may be
acomplete or partial database. The measurement module 210
measures a power consumption feature (for example, voltage,
current, or power) of the main power supply TP, wherein the
main power supply TP supplies electric power to the electric
appliances 110-1-110-5 (as shown in FIG. 1) in the building
100. The variation detection and search module and electric
appliance signature database 220 is coupled to the measure-
ment module 210 for detecting and calculating a variation of
the power consumption feature. In the present embodiment,
the variation detection and search module and electric appli-
ance signature database 220 detects whether the power con-
sumption feature (for example, variable current wave, active
power, reactive power, or harmonic wave information) of the
main power supply TP changes. When the variation of the
power consumption feature is greater than a threshold, the
variation detection and search module and electric appliance
signature database 220 searches the electric appliance signa-
ture database according to the variation of the power con-
sumption feature to obtain electric appliances similar to the
variation and the states of these electric appliances. Herein
the electric appliance signature database can be established
by its many users, and data stored in the power monitoring
device 10 can be the entire electric appliance signature data-
base or part of the electric appliance signature database.
Meanwhile, data in the electric appliance signature database
can be manually or automatically updated through a network
or an external memory device.
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The circuit structure of the power monitoring device 10 in
FIG. 2 will be explained herein in detail. FIG. 3 is a detailed
block diagram of the power monitoring device 10 in FIG. 2.
Referring to FIG. 3, the measurement module 210 includes a
filter unit 310 and a power consumption feature measurement
unit 340. The filter unit 310 measures a power consumption
feature of a power supply and filters out noises in the power
consumption feature. In the present embodiment, the filter
unit 310 includes an anti-alias filter 320 and a low-pass filter
330. The anti-alias filter 320 measures a current [, of the
main power supply TP, the low-pass filter 330 measures a
voltage V ;» of the main power supply TP, and the anti-alias
filter 320 and the low-pass filter 330 transmit the current I,»
and the voltage V -, to the power consumption feature mea-
surement unit 340. In addition, in the present embodiment,
the anti-alias filter 320 and the low-pass filter 330 may be
implemented by using RC filter circuits. However, the inven-
tion is not limited thereto.

Referring to FIG. 3 again, the power consumption feature
measurement unit 340 is coupled to the filter unit 310, and
which samples the current 1, and the voltage V . to obtaina
characteristic parameter list of the main power supply TP. In
the present embodiment, the main power supply TP is an AC
power supply. Accordingly, the current 1, and the voltage
V 5 can be expressed as:

Ipp(t)=1,, cOS(HIR) (1)

ViD=V, COS(001/8) 2)

In foregoing expressions (1) and (2), 1,,,. and V.. are
respectively the maximum value of the current I, and the
maximum value of the voltage V ;, w is the frequency of the
main power supply TP, and 8 and 3 are respectively the phase
angle of the current I and the phase angle of the voltage V .
The power consumption feature measurement unit 340 can
calculate the characteristic parameter list of the main power
supply TP by using foregoing expressions (1) and (2). The
characteristic parameter list is composed of different charac-
teristic parameters (for example, a voltage root-mean-square
value VX, a current root-mean-square value IX, an active
power PAX, a reactive power PRX, harmonic wave informa-
tion HX of the current wave, and a transient current wave
TCWX produced when an electric appliance switches states)
of the main power supply TP and is used for indicating the
power information obtained every time when the main power
supply TP is sampled. Following expressions (3)-(7) shows
the characteristic parameters in the characteristic parameter
list of the present embodiment and the calculations thereof,
wherein the harmonic wave information HX is a characteris-
tic parameter generated by performing a Fourier transform on
the current wave.

vy o Vnar 3
V2

Inax 4

X = = (C))

PAX = VX X IX X cos(5 — B) ®

PRX = VX X IX Xsin(é — B) (6)

oo @]

HX = Z Lyawcostkwr + B)
k=1

Foregoing characteristic parameters are only examples in
the present embodiment but not intended to limit the scope of
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the invention. A designer can add other characteristic param-
eters or skip some of the characteristic parameters according
to the actual design requirement, so as to monitor the main
power supply TP and search the electric appliance signature
database according to these characteristic parameters. In
addition, the power consumption feature measurement unit
340 in the present embodiment is implemented by using a
power supply measurement chip ADE7756 provided by Ana-
log Devices, Inc., (ADI), US. The ADE7756 chip can sample
at a rate of 7.6 k times/second and transmit the characteristic
parameter list to the variation detection and search module
and electric appliance signature database 220 through a serial
peripheral interface (SPI) bus. However, the ADE7756 chip
will not be described in, and the implementation of the power
consumption feature measurement unit 340 is not limited
herein.

Referring to FIG. 3 again, the variation detection and
search module and electric appliance signature database 220
includes a memory unit 360 and a search unit 350. The
memory unit 360 stores the electric appliance signature data-
base. The search unit 350 is coupled to the memory unit 360.
The search unit 350 detects and calculates a variation char-
acteristic parameter list of the variation according to a cur-
rently sampled characteristic parameter list and a previously
sampled characteristic parameter list. The characteristic
parameters in the variation characteristic parameter list
include harmonic wave information of the variable current
wave (the harmonic wave difference between a currently
sampled current wave and a previously sampled current
wave), a current root-mean-square value variation (the differ-
ence between a currently sampled current root-mean-square
value and a previously sampled current root-mean-square
value), an active power, a reactive power, and the transient
current wave produced when the electric appliance switches
states. In other embodiments, the characteristic parameters in
the variation characteristic parameter list may also include
other electric parameters of the main power supply TP, such
as the difference between the phase angles of the current and
the voltage. However, the invention is not limited thereto.
Next, when the search unit 350 detects that the power con-
sumption feature is greater than the threshold, the search unit
350 searches the electric appliance signature database in the
memory unit 360 according to the variation characteristic
parameter list, so as to obtain one or more candidate electric
appliances similar to the variation and the states of these
electric appliances or a combination of a plurality of candi-
date electric appliances. In the present embodiment, the
search unit 350 is implemented by using a PIC18F26J11
single chip provided by Microchip Technology Inc. However,
the invention is not limited thereto, and the search unit 350
may also be implemented by using a field-programmable gate
array (FPGA), a complex programmable logic device
(CPLD), or an application specific integrated circuit (ASIC).

If the power monitoring device 10 detects the state of the
electric appliance for the first time, the power monitoring
device 10 notifies the user and requests the user to confirm the
search result. The user contributes data to the electric appli-
ance signature database by confirming the search result, or
selecting a correct electric appliance (or a set of correct elec-
tric appliances) among the candidate electric appliances, or
providing the correct electric appliance(s) by his/her own
self. The power consumption feature of the electric appliance
confirmed by the user and the corresponding information are
used for updating the electric appliance signature database in
the memory unit 360. Data stored in the power monitoring
device 10 may be the entire electric appliance signature data-
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base or part of it, and which can be manually or automatically
updated through a network or an external memory device.
Herein the content and purpose of the electric appliance
signature database established by its many users will be
explained in detail. In the present embodiment, variations of
power consumption features produced when the electric
appliances 110-1-110-5 switch states are recorded at first, and
the associations between the titles of the electric appliances
(for example, electric appliance identification value is

10

ated by performing Fourier transform on the variable current
wave), and transient current wave. However, the invention is
not limited thereto.

Table (1) will be explained herein as an example. Assuming
the electric appliance 110-1 to be a fan 110-1, currently there
are four related data provided by users in the electric appli-
ance signature database. The electric appliance data with the
database numbers 1-1 to 1-3 and the database number 2-1 are
related to fans 110-1 of the same brand and model but pro-

obtained to get the corresponding title of the electric appli- 10 vided by different users. For example, the electric appliance
ance), the states of the electric appliances, and the variations data with the database numbers 1-1 to 1-3 are provided by one
of'the power consumption features are recorded into the elec- user, while the electric appliance data with the database num-
tric appliance signature database. To be specific, a different ber 2-1 is provided by another user. The fan 110-1 has three
variation of the power consumption feature is produced when different states: “first speed”, “second speed”, and “off”.
different electric appliance switches states. For example, dif- 15 Thus, the first row of table (1) shows electric appliance infor-
ferent current variation, power, harmonic wave information mation when the electric appliance is a fan (with the electric
produced by performing Fourier transform on the variable appliance identification value 110-1) and the fan 110-1
current wave, and transient current wave produced at electric switches from the off state to first speed. However, as shown
appliance state switching are produced when a fan and an air in table (1), the variation characteristic parameter list when
conditioner are switched from the off state to the on state. 20 the fan 110-1 changes from the off state to the first speed is
During the construction of the electric appliance signature composed of average values of (111, PA11, PR11, H11, T11)
database, a user can change the state of an electric appliance, and (114, PA14, PR14, H14, T14). Namely, the variation
and when a variation of the power consumption feature is characteristic parameter list may be composed of average
detected, the user stores the electric appliance, the state of the values of characteristic parameters of electric appliances of
electric appliance, and the variation of the power consump- 25 the same model but provided by different users and can be
tion feature into the electric appliance signature database by used for data comparison and search as the power consump-
selecting or inputting the electric appliance and the state of tion feature of this electric appliance model. Accordingly, as
the electric appliance. Thus, in an embodiment of the inven- shown in table (1), the variation characteristic parameter list
tion, the electric appliance signature database can be estab- when the fan 110-1 switches from the off state to the second
lished by using the variation of a power consumption feature 30 speedis (112, PA12, PR12, H12,T12). Thereby, more electric
of the main power supply TP and the titles, power consump- appliance signature data is obtained and accordingly more
tion features, and states of corresponding electric appliances clearly the power consumption performance of an electric
with the help of users. For the convenience of description, a appliance is reflected when more users are involved. On the
simple electric appliance signature database (as shown in other hand, power consumption features of new electric appli-
following table (1)) is listed herein in order to set forth the 35 ances can be recorded into this database through user feed-
spirit of the present embodiment. backs.
TABLE 1
Har-
Data-  Electric Brand And monic
base Appliance Typeof  Model of State Of Wave  Transient
Num- Identifica-  Electric Electric Electric Current  Active Reactive Infor- Current
ber tion Value Appliance Appliance Appliance  Variation Power Power mation Wave
-1 110-1 Fan Brand A Off-> 111 PAIl PRIl  HI1 T11
Model B First speed
12 110-1 Fan Brand A Off-> 112 PA12 PRI2  HI2 T12
Model B Second
speed
-3 110-1 Fan Brand A Firstspeed-> 113 PA13 PRI3  HI3 T13
Model B off
2-1 1101 Fan Brand A Off-> 114 PAl4 PRI4  Hl4 T14
Model B First speed
31 1102 Fan Brand C Off-> 115 PA1S PRIS  HIS T15
Model D First speed
41 110-3 Fan Brand E Off-> 116 PAl6 PRI6  HI6 T16
Model F First speed
5-1 110-5 Refriger- Brand A Compressor 117 PA17 PR17 H17 T17
ator Model G starts
In foregoing table (1), the electric appliance signature data- If the power monitoring deVlge 10 detect.s the state Qf .the
. . . . 60 electric appliance for the first time (assuming the variation
base has following fields: database number, electric appliance i . .
identification value, type of electric appliance, brand and characteristic parameter hgt thereof s (I8, PA18, PRIS,
: alue, yp ppi > H18, T18)), the power monitoring device 10 notifies the user
model of electric appliance, state of electric appliance, and 51 requests the user to confirm the search result. The user
various characteristic parameters in the variation characteris- contributes data to the electric appliance signature database
tic parameter list. The variation characteristic parameter list ¢5 by confirming the search result, or selecting a correct electric

in table (1) include such characteristic parameters as current
variation, active power, harmonic wave information (gener-

appliance (or a set of correct electric appliances) among the
candidate electric appliances, or providing the correct electric
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appliance(s) by his/her own self. For example, the power
monitoring device 10 determines that the variation character-
istic parameter list is most similar to the variation character-
istic parameter list when the fan 110-1 switches from the off
state to the first speed, so that through the confirmation of the
user, the power consumption feature of the electric appliance
confirmed by the user and the corresponding information are
used for updating the electric appliance signature database in
the memory unit 360 and are stored in the column with the
database number 6-1. Accordingly, the power consumption
feature of the fan 110-1 when the fan 110-1 switches from the
off state to the first speed is constantly changed due to data
contributed by users.

A power monitoring method for identifying the state of an
electric appliance will be described herein with reference to
the structure illustrated in FIG. 3 and the fan 110-1. FIG. 4 is
a flowchart of a power monitoring method for identifying the
state of an electric appliance according to the first embodi-
ment of the invention. Referring to FIG. 4, in step S410, the
anti-alias filter 320 and the low-pass filter 330 in the filter unit
310 detect a power consumption feature (for example, a cur-
rent and a voltage) of the main power supply TP and filter out
noises in the power consumption feature, so as to generate a
current 1, and a voltage V ;- of the main power supply TP.
Then, in step S420, the power consumption feature measure-
ment unit 340 samples the current I, and the voltage V ;. to
obtain a characteristic parameter list of the main power sup-
ply TP.

Referring to FIG. 4 again, in step S430, the search unit 350
obtains a variation characteristic parameter list of the varia-
tion of the power consumption feature according to a current
characteristic parameter list and a previous characteristic
parameter list. In step S440, if the search unit 350 detects that
the variation of the power consumption feature is greater than
a threshold (for example, the current variation is greater than
a current threshold), step S450 is executed. Otherwise, step
S420 is executed again and the main power supply TP is
constantly sampled to obtain the variation characteristic
parameter list.

Steps S430-S440 will be described herein by taking the fan
110-1 as an example, and it is assumed that none of other
electric appliances 110-2-110-5 switches states. FIG. 5A
illustrates a previously sampled current wave of a main power
supply, wherein the fan 100-1 is in the “off” mode. FIG. 5B
illustrates a currently sampled current wave of a main power
supply, wherein the fan 100-1 is in the “first speed” mode. In
step S440, if the variation obtained by subtracting the power
consumption characteristic parameters (for example, the cur-
rent variation, the active power, or the reactive power) pro-
duced by the previously sampled current wave (as shown in
FIG. 5A) and the currently sampled current wave (as shown in
FIG. 5B) is greater than a threshold, it is determined that the
fan 110-1 switches from the off state to the first speed. If two
or more electric appliances are turned on, off or switched
states at the same time, the power consumption feature pro-
duced is a combination of the variation characteristic param-
eter lists of multiple electric appliances in table (1). Thus, the
power monitoring method in the invention is also applicable
when two or more electric appliances switch states at the
same time.

Contrarily, if the power consumption feature of the main
power supply TP does not change or is very small, it is
determined that none of the electric appliances 110-1-110-5
to which the main power supply TP supplies electric power
switches states.

Thereafter, in step S450, the search unit 350 searches the
electric appliance signature database according to the power

10

15

20

25

30

35

40

45

50

55

60

65

12

consumption feature and the variation characteristic param-
eter list to obtain candidate electric appliances similar to one
or more power consumption features in the electric appliance
signature database and the states of these electric appliances
ora combination of a plurality of power consumption features
and the states thereof. To be specific, in step S450, the search
unit 350 performs a Fourier transform on the variable current
wave in the variation characteristic parameter list to obtain a
comparison of harmonic wave information HX.

Additionally, the search unit 350 searches the electric
appliance signature database according to the current varia-
tion IX, the active power PAX, the reactive power PRX, the
harmonic wave information HX, the transient current wave
TCWX produced when an electric appliance switches states
in the variation characteristic parameter list (as shown in table
(1)) to obtain similar electric appliance identification values
and electric appliance states. In the present embodiment, the
electric appliance signature database is searched by using the
K-nearest neighbor (KNN) algorithm (not limited herein),
and when the electric appliance signature database is
searched according to the current variation IX, the active
power PAX, the reactive power PRX, the harmonic wave
information HX, and the transient current wave TCWX,
because the KNN algorithm may produce error when the
characteristic parameters are compared, multiple electric
appliance identification values and the electric appliance
states thereof may be obtained. If the variation characteristic
parameter list (IX, PAX, PRX, HX, TCWX) obtained by the
search unit 350 is most similar to the average value of the
variation characteristic parameter lists of electric appliances
of'the same model and the same state in table (1) (for example,
the detected variation characteristic parameter list is most
similar to the average value of (111, PA11, PR11, H11, T11)
and (114, PA14, PR14, H14, T14)), it is determined that the
fan 110-1 switches from the off state to the first speed.

Referring to FIG. 4 again, in step S450, the variation detec-
tion and search module and electric appliance signature data-
base searches for different power consumption features in the
electric appliance signature database in foregoing table (1)
according to the detected power consumption feature and
characteristic parameter list thereof (the detected power con-
sumption feature and characteristic parameter list thereof are
referred as a detected variation hereinafter) to generate a
matching result (or referred as a similarity) and a electric
appliance search result. The electric appliance search result
may include information of one or more candidate electric
appliances, and the candidate electric appliance information
may include titles and states information of these candidate
electric appliances. In step S455, if the user actively requests
to provide a correct clectric appliance information (for
instance, the user actively requests to input the correct electric
appliance information, which may be one electric appliance
information, a combination information for multiple electric
appliances and states of these electric appliances), or the user
actively requests to confirm the electric appliance search
result for selecting the correct electric appliance information
among information of the candidate electric appliances in the
electric appliance search result, it is determined that a new
type of electric appliance or a newly installed electric appli-
ance is detected.

Thus, the process proceeds to step S480 from step S455,
the variation detection and search module obtains the correct
electric appliance information according to the information
inputted by the user, and refers the detection variation as a
power consumption feature of the correct electric appliance
(for instance, the detection variation is referred as a variation
characteristic parameter list of the correct electric appliance).
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Then, step S480 is executed, and the electric appliance sig-
nature database is updated corresponding to the aforemen-
tioned correct electric appliance and the detected variation.
The electric appliance corresponding to aforementioned
power consumption feature, the title and the state thereof are
obtained. When the process proceeds to step S490 from step
S480, step S470 is executed, and the title and the state of
corresponding electric appliance are obtained according to
the correct electric appliance information. The electric appli-
ance signature database can be constructed by its many users
or provided by any electric appliance signature database pro-
vider.

When the user doesn’t actively requests to provide the
correct electric appliance information, the process proceeds
to step S460 from step S455. The similarity of searching in the
electric appliance signature database and a threshold are com-
pared. When the similarity between one or more data in the
electric appliance signature database and the detected power
consumption feature variations is smaller than the threshold,
the process proceeds to step S470 from step S460, so as to
obtain a electric appliance, the title and the state thereof,
wherein the data corresponding to the electric appliance in the
electric appliance signature database and the detected varia-
tion are much similar (i.e., the similarity is the smallest).

In detail with step S470, if a data of a power consumption
feature of one electric appliance or a combination of multiple
electric appliances in the electric appliance signature data-
base and the state thereof are similar to the detected power
consumption feature, and the similarity thereof (i.e., afore-
mentioned matching result) is in the threshold, electric appli-
ances similar to the power consumption feature and the states
thereof are obtained according to the data. If there are mul-
tiple data of multiple power consumption features in the
electric appliance signature database similar to the detected
power consumption feature and all the similarities are all in
the threshold, the electric appliance corresponding to afore-
mentioned the most similar power consumption feature the
state thereof is obtained. Contrarily, if no power consumption
feature in the electric appliance signature database is similar
to the detected variation (i.e., the similarities are not in the
threshold), it is determined that the process proceeds to step
S465 from step S460, and the detected variation is set to an
unknown state of an unknown electric appliance or a combi-
nation of multiple electric appliances.

Thereby, the power monitoring device 10 can identify the
state switching timing of each electric appliance according to
variations of a power consumption feature of the main power
supply TP, so as to record the power consumption of the
electric appliance. For example, the power monitoring device
10 may record the state switching timing and the power
consumption in each state of the fan 110-1 and other electric
appliances 110-2-110-5, so as to obtain the detailed power
consumption information of each of the electric appliances
110-1-110-5 in the building 100. Besides, the power con-
sumption situation, power consumption efficiency, power
saving suggestions, and power management of each electric
appliance recorded in the power monitoring device 10 can be
displayed in a computer, a smart phone, other any other infor-
mation display device through a network transmission path
(for example, a wired network or a wireless network), which
will not be described herein. The power monitoring device 10
can be controlled by using aforementioned information dis-
play devices so that the electric appliance signature database
can be improved, and a user can be automatically notified to
adopt a power saving plane.

A second embodiment of the invention will be described
herein with reference to FIG. 6. FIG. 6 is a diagram of a power
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monitoring device 60 for identitying the state of an electric
appliance according to the second embodiment of the inven-
tion. The present embodiment is similar to the first embodi-
ment. Accordingly, the same operation details will not be
described herein. The difference between the two embodi-
ments is that the memory unit 360 in the power monitoring
device 10 illustrated in FIG. 3 has a limited storage capacity
and the electric appliance signature database stored therein
cannot be updated in real time. Contrarily, the power moni-
toring device 60 in the present embodiment can provide a
large electric appliance signature database and a highly effi-
cient search capability through the Internet 620 and the cloud
computing technology, and manufacturers and users are
allowed to expand or update the electric appliance signature
database at any time or backup power consumption records
into a search module and electric appliance signature data-
base 630 on the Internet 620 through a cloud storage tech-
nique. In other embodiments, when the power monitoring
device 10 cannot find an electric appliance state in the electric
appliance signature database, it may search the electric appli-
ance signature database again by using the Internet 620 and
the search module and electric appliance signature database
630, so as to increase the success rate in electric appliance
state identification.

Referring to FIG. 6, the power monitoring device 60 is
connected to the Internet 620 and accordingly to the search
module and electric appliance signature database 630. In the
present embodiment, it is assumed that the electric appliance
110-4 is an information display device 110-4 (such as a note-
book computer). The electric appliance 110-4 accesses the
power consumption information of the electric appliances
110-1-110-5 recorded in the power monitoring device 60 by
using the Internet 620 as an information transmission path
and provides the information to the user. Besides, by execut-
ing the functions such as power consumption efficiency
detection, power saving suggestions (for example, an electric
appliance needs to be cleaned to reduce its power consump-
tion, or whether an electric appliance is old or damaged), and
power management with the power consumption features of
the electric appliances, power consumption causes, and
power saving suggestions provided by users in the search
module and electric appliance signature database 630, a user
can perform system control over the power monitoring device
60, improve the electric appliance signature database, and
automatically receive a power saving plan through the infor-
mation display device 110-4, which will not be described
herein.

FIG. 7 is a block diagram of the power monitoring device
60 according to the second embodiment of the invention. The
power monitoring device 60 includes a measurement module
210, a variation detection unit 710, a transmission interface
unit 720, and a search module 630 connected via the Internet
620. In the present embodiment, the variation detection unit
710, the transmission interface unit 720, and the search mod-
ule 630 are referred in general as a variation detection and
search module and electric appliance signature database 220.
The variation detection unit 710 detects and calculates a
variation characteristic parameter list of a variation of a power
consumption feature according to a current characteristic
parameter list and a previous characteristic parameter list. In
the present embodiment, the power monitoring device 60
realizes its operation of searching the electric appliance sig-
nature database through the cloud computing technology in
order to reduce the operation load thereof. Thus, when the
power consumption feature is greater than a threshold, the
variation detection unit 710 generates a variation signature
packet, wherein the variation signature packet contains the
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variation characteristic parameter list and related informa-
tion. The transmission interface unit 720 transmits the varia-
tion signature packet to the search module and electric appli-
ance signature database 630 via the Internet 620.

Referring to FIG. 7 again, in the present embodiment, the
search module and electric appliance signature database 630
may be composed of one or more servers to achieve an
enhanced search capability. Or, in the present embodiment,
the capacity of the electric appliance signature database may
be increased by using redundant array of independent disks
(RAID). However, the invention is not limited thereto. The
search module and electric appliance signature database 630
receives the variation signature packet via the Internet 620
and searches the electric appliance signature database accord-
ing to the variation characteristic parameter list in the varia-
tion signature packet, so as to obtain electric appliances simi-
lar to the variation and the states of these electric appliances.
The method for searching the electric appliance signature
database has been described in the first embodiment therefore
will not be described herein. In the present embodiment, the
search result (i.e., the electric appliances and the states
thereof) generated by the search module 630 is transmitted
back to the transmission interface unit 720 via the Internet
620, so that the variation detection unit 710 can identify and
monitor the states and power consumption situations of the
electric appliances 110-1-110-5 according to foregoing
search results. Meanwhile, a user can contribute data to the
electric appliance signature database by confirming the
search result, or selecting a correct electric appliance and the
state (or a set of correct electric appliances and the states)
thereof or providing the correct electric appliance(s) by his/
her own self or update the electric appliance signature data-
base through the Internet 620.

In other embodiments of the invention, the building 100
may further have a plurality of load sensing units 610. The
load sensing units 610 are installed into the electrical outlets
to which the electric appliances 110-1-110-5 are connected.
The load sensing units 610 detect whether there is any load on
the electric appliances connected to the electrical outlets and
send the detected load information to the power monitoring
device 60. Besides, the load sensing units 610 are connected
to the power monitoring device 60 via a power line commu-
nication (PLC) network (for example, X10) or a wireless
network (for example, a Zigbee or radio frequency (RF) net-
work). Thus, according to the information of the electric
appliances and the load information received from the load
sensing units 610, the power monitoring device 60 associates
the electric appliances and the electrical outlets. If the posi-
tion information of the electrical outlets and the load sensing
units 610 is provided, the power monitoring device 60 can
determine the position of each of the electric appliances 110-
1-110-5 and the power consumption state thereof (for
example, the electric appliances 110-1-110-3 on the first floor
and the electric appliances 110-4-110-5 on the second floor)
and accordingly analyzes the power consumption distribution
at different areas in the building 100, so as to help a company
or a household to find out the power consumption cause.
Moreover, if the electric appliances 110-1-110-5 can be
remotely controlled (for example, remotely turned on/off) via
a PLC network or a wireless network, a user can make the
power monitoring device 60 to control the electric appliances
110-1-110-5 based on a pre-established power saving plan or
remotely turn offthose unused electric appliances through the
power monitoring device 60, so as to reduce the power con-
sumption.

Additionally, through related information on the Internet
620, the search module and electric appliance signature data-
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base 630 can further obtain electric appliances of the same
type and with similar specifications but lower power con-
sumptions and the power saving information thereof from the
electric appliance signature database and provide reasonable
suggestions on electric appliance replacement along with
prices of the electric appliances obtained from the Internet
620, so as to allow a user to understand the cost for replacing
an electric appliance.

In a household, the total current is usually under 100 amp
and about 30 to 50 electric appliances are usually used. Thus,
in the embodiment described above, a single power monitor-
ing device 10 installed at the main power supply TP is enough
to satisfy the user’s demand. However, multiple power moni-
toring devices should be installed for monitoring the electric
appliances in a distributive or tiered manner in a site with a
large number of electric appliances (for example, a factory or
a building).

FIG. 8 is a diagram of a power monitoring system 800 for
identifying the state of an electric appliance according to a
third embodiment of the invention. Referring to FIG. 8, the
power monitoring system 800 includes a plurality of power
monitoring devices 80-1-80-5 and a plurality of electric appli-
ance groups G1-G5. In the present embodiment, the number
of'the electric appliances 110 in each of the electric appliance
groups G1-G5 and the total power consumption thereof are
both under specific limitations. The upper limit of the electric
appliance number is determined according to the maximum
number of electric appliances to be monitored by the power
monitoring devices 80-1-80-5. However, the invention is not
limited thereto. It should be noted herein that FIG. 8 illus-
trates only an exemplary embodiment, and one applying the
present embodiment should be able to adjust the numbers and
relative positions of the power monitoring devices 80-1-80-5
and the electric appliance groups G1-G5 according to the
actual design requirement.

According to the present embodiment, because the varia-
tions of a power consumption feature of branch power sup-
plies (for example, a second power supply P2, a third power
supply P3, and a fourth power supply P4) affect the main
power supply (for example, the main power supply TP), each
of the power monitoring devices 80-1-80-5 in the power
monitoring system 800 exchanges information about power
consumption feature variation with neighboring power moni-
toring devices 80-1-80-5 so that the affection of the branch
power supplies to the power monitoring devices on an upper
level can be eliminated and the states of the electric appli-
ances in the corresponding electric appliance group can be
monitored.

In other words, the power monitoring devices 80-1-80-5
provided by the invention can respectively monitor the states,
power consumption modes, and power consumption perfor-
mances of the electric appliances 110-1-110-5 in the electric
appliance groups G1-G5 without interfering each other. In
addition, the power monitoring system 800 can distribution
the operation load of monitoring the electric appliances to the
power monitoring devices 80-1-80-5 and reduce the number
of smart meters required for establishing a smart grid.

For the convenience of description, part of the power moni-
toring system 800 is illustrated in FIG. 10A as a power moni-
toring system 1000 in a fourth embodiment (FIG. 10A is a
diagram illustrating a part of the power monitoring system
1000 in FIG. 8), and the present embodiment will be
described herein with reference to the power monitoring
devices 80-1-80-2 and the electric appliance groups G1-G2
illustrated in FIG. 10A and the power monitoring method
illustrated in FIG. 11. FIG. 11 is a flowchart of a power
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monitoring method for identifying the states of electric appli-
ances according to a fourth embodiment of the invention.

Herein it is assumed that none of the power monitoring
devices 80-1-80-2 is installed in the power monitoring system
1000. First, in step S1110, the power monitoring device 80-1
is installed at the main power supply TP. As described in the
first and the second embodiment, the power monitoring
device 80-1 samples a power consumption feature of the main
power supply TP to calculate a variation of the power con-
sumption feature of the main power supply TP between two
sampling operations and accordingly generate a variation
characteristic parameter list corresponding to the variation.
The main power supply TP in FIG. 10A supplies electric
power to the electric appliance groups G1-G2. In the present
embodiment, the variation of the power consumption feature
of the main power supply TP and the variation characteristic
parameter list thereof are referred to as a first variation.

Then, in step S1120, the power monitoring device 80-2 is
installed at the second power supply P2. The second power
supply P2 is a branch power supply of the main power supply
TP and which supplies electric power to the electric appliance
group G2. Similar to that in step S1110, in step S1120, the
power monitoring device 80-2 also calculates a variation of a
power consumption feature of the second power supply P2
between two sampling operation, and the variation is referred
to as a second variation.

Since the second power supply P2 is a branch power supply
of'the main power supply TP, the second variation detected by
the power monitoring device 80-2 also exists in the first
variation detected by the power monitoring device 80-1. As a
result, the power monitoring device 80-1 cannot obtain the
variation of the power consumption feature corresponding to
the electric appliance group G1. Accordingly, in step S1130,
the installed power monitoring devices (i.e., the power moni-
toring devices 80-1-80-2 in the present embodiment) perform
alevel construction step to notify each other about the relative
position between them. In other words, a power monitoring
device on an upper level (for example, the power monitoring
device 80-1) gets to know that there is a power monitoring
device (for example, the power monitoring device 80-2) on a
lower level through the level construction step. Accordingly,
an electricity meter topology network of the power monitor-
ing devices is established, or each of the power monitoring
devices may even be located (i.e., where in the building each
of the power monitoring devices is located is determined).
The electricity meter topology network of the power moni-
toring system 1000 in FIG. 10A is as shown in FIG. 10B. FIG.
10B is a diagram of the electricity meter topology network in
FIG. 10A.

Next, in step S1140, the upper-level power monitoring
device (for example, the power monitoring device 80-1) and
the lower-level power monitoring device (for example, the
power monitoring device 80-2) synchronously calibrate the
first variation and the second variation, and after the power
monitoring device 80-1 receives the second variation, it sub-
tracts the second variation from the calibrated first variation
to calculate a net variation of the electric appliance 110-1 in
the electric appliance group G1 or a combination of power
consumption feature variations of multiple electric appli-
ances 110-1. Herein aforementioned net variation is referred
to as a first electric appliance variation.

When the first electric appliance variation is greater than a
power consumption feature threshold, the procedure pro-
ceeds to step S1160 from step S1150, wherein the power
monitoring device 80-1 searches the electric appliance signa-
ture database according to the first electric appliance variation
to obtain and monitor the state of the electric appliance 110-1
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in the electric appliance group G1 or a combination of states
of multiple electric appliances 110-1. On the other hand,
when the first electric appliance variation is smaller than the
power consumption feature threshold, the procedure returns
step S1140 from step S1150 to keep calculating the first
electric appliance variation and monitoring the electric appli-
ance 110-1 in the electric appliance group G1.

The operation procedure described above is similar to that
illustrated in FIG. 4 (especially the steps S1150 and S1160 in
FIG. 11 and the steps S440 and S450 in FIG. 4). The difter-
ence is that in the present embodiment, the power monitoring
device 80-1 obtains the second variation detected by the
power monitoring device 80-2 on the lower level through the
level construction step and synchronous calibration and sub-
tracts the second variation from the first variation to eliminate
the affection of the branch power supply (for example, the
second power supply P2) to the main power supply (for
example, the main power supply TP). This operation has been
described in detail in foregoing embodiment therefore will
not be described herein.

The level construction process in step S1130 will be
explained in detail herein. In the present embodiment, the
level construction step can be implemented through two
ways. The first way is to make the power monitoring devices
80-1-80-2 to communicate with each via a wired network, a
wireless network, or a PLC network, so as to obtain the
relative position, locate the power monitoring devices 80-1-
80-2, construct an electricity meter topology network, or even
synchronously calibrate the power monitoring devices 80-1-
80-2 via the PL.C. However, if the present embodiment is
implemented through this way, a communication chip has to
be disposed in each power monitoring device. As a result, the
implementation cost is increased.

In another way to implement the level construction step,
because the power monitoring device 80-1 constantly detect
the first variation of the main power supply TP, when the
power monitoring device 80-2 is installed at the second power
supply P2, the power monitoring device 80-1 on the upper
level detects a meter consumption load of the power moni-
toring device 80-2 on the main power supply TP (because the
second power supply P2 is a branch power supply of the main
power supply TP), so that the existence of the power moni-
toring device 80-2 on the lower level can be detected through
the electric appliance signature database and an electricity
meter topology network of the power monitoring devices can
be established. The second implementation technique does
not require any communication chip to be installed in each
power monitoring device therefore offers a lower implemen-
tation cost.

Herein the procedure for calibrating the first variation and
the second variation to obtain the first electric appliance
variation in step S1140 will be described in detail with refer-
ence to FIGS. 10A, 10B, and 12. FIG. 12 is a detailed flow-
chart of step S1140 in FIG. 11. First, after the power moni-
toring device 80-1 detects the existence of a lower-level
power monitoring device (for example, the power monitoring
device 80-2), in step S1210, the upper- and lower-level power
monitoring devices are synchronized, so as to allow the power
monitoring devices 80-1-80-2 to detect the first variation and
the second variation synchronously.

To be specific, because the main power supply and the
branch power supplies have the same voltage sine waves, in
step S1210, the power monitoring devices 80-1-80-2 can treat
the voltage sine waves of the main power supply TP and the
second power supply P2 as synchronization test signals to
carry out the synchronization operation. FIG. 13 is a diagram
illustrating the time synchronization in step S1210. As shown
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in FIG. 13, there is a time interval AT between the voltage
wave VW1 detected by the power monitoring device 80-1 at
the main power supply TP and the voltage wave VW2
detected by the power monitoring device 80-2 at the second
power supply P2. Thus, the power monitoring device 80-2
synchronizes with the power monitoring device 80-1 accord-
ing to the time interval AT. Herein it should be noted that the
synchronization test signals are not limited to voltage sine
waves, and which may also be voltage signals, current sig-
nals, or digital signals transmitted via a PLC network. A
signal can be considered a synchronization test signal as long
as it allows the power monitoring devices 80-1-80-2 to syn-
chronize with each other.

FIG. 14 is a diagram illustrating a first variation, a second
variation, and a first electric appliance variation in step
S1220. Referring to FIGS. 10A, 11, and 14, in step S1220, the
power monitoring device 80-1 receives the second variation
(in FIG. 14, the second variation is a current wave [W2;
however, the invention is not limited thereto, and the second
variation may also be any other value related to the power
consumption feature) detected by the power monitoring
device 80-2 and calibrates the waveforms of the first variation
(in FIG. 14, the first variation is the current wave IW1; how-
ever, the invention is not limited thereto) and the second
variation through shifting. Due to current drifting and time
synchronization accuracy problem, there may still be slight
time difference between the current waves IW1-IW2. Thus, in
step S1220, the current waves IW1-IW2 are slightly shifted to
eliminate the time difference between the two.

In other embodiments, the power monitoring device 80-2
may also transmit the time interval AT mentioned in step
S1210 to the power monitoring device 80-1 along with the
second variation. Thus, the power monitoring device 80-1 can
shift the current waves IW1-IW2 in step S1220 by using the
time interval AT, so as to perform time synchronization. On
the other hand, in step S1230, the power monitoring device
80-1 on the upper level subtracts the current wave IW2 from
the calibrated current wave IW1 to generate a net current
wave IWC of the first electric appliance variation, so as to
execute steps S1150-S1160 in FIG. 11. The steps S1150-
S1160 have been described in foregoing embodiment there-
fore will not be described herein.

The third embodiment will be further described with ref-
erence to foregoing first, second, and fourth embodiments
and FIGS. 8 and 15. FIG. 15 is a flowchart of a power moni-
toring method for identifying the state of an electric appliance
according to the third embodiment of the invention. First, in
step S1510, the power monitoring devices 80-1-80-5 are
installed in the power monitoring system 800. In the present
embodiment, the power monitoring devices 80-1-80-5
respectively samples the power consumption features of the
main power supply TP and the second, third, fourth, and fifth
power supplies P2-P5 to generate corresponding first, second,
third, fourth, and fifth variations.

Then, in step S1520, the power monitoring devices 80-1-
80-5 perform a level construction step to communicate with
each other, so as to obtain the relative position thereof and
establish an electricity meter topology network. FIG. 9 is a
diagram of the electricity meter topology network in FIG. 8.
Herein the power monitoring device 80-1 is referred to as a
first level power monitoring device, the power monitoring
devices 80-2-80-4 are referred to as second level power moni-
toring devices, and the power monitoring device 80-5 is
referred to as a third level power monitoring device.

In order to obtain and monitor the state of the correspond-
ing electric appliance group, in step S1530, a power monitor-
ing device on a lower level synchronizes with a power moni-
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toring device on an upper level, and the power monitoring
device on the upper level subtracts the variation of the power
consumption feature on the lower level from the variation of
the calibrated power consumption feature on the upper level,
s0 as to obtain a net power consumption feature variation
corresponding to the power monitoring device on the upper
level.

For example, in step S1530, the third level power monitor-
ing device 80-5 and the second level power monitoring device
80-4 synchronize with each other to calibrate the power con-
sumption feature variation (i.e., the fourth variation) of the
fourth power supply P4 and the power consumption feature
variation (i.e., the fifth variation) of the fifth power supply P5.
Besides, the second level power monitoring device 80-4
receives the fifth variation of the third level power monitoring
device 80-5 and subtracts the fifth variation from the cali-
brated fourth variation to generate a net power consumption
feature variation of the electric appliance 110-4 in the electric
appliance group G4.

Additionally, the second level power monitoring devices
80-2-80-4 also synchronize with the first level power moni-
toring device 80-1 so as to calibrate the first variation and the
fourth variation. Besides, the first level power monitoring
device 80-1 first receives the second variation, the third varia-
tion, and the fourth variation from the second level power
monitoring devices 80-2-80-4 and adds foregoing variations
up. Then, the first level power monitoring device 80-1 sub-
tracts forgoing sum from the calibrated first variation to
obtain a net power consumption feature variation (i.e., the
first electric appliance variation mentioned in the fourth
embodiment) of the electric appliance 110-1 in the electric
appliance group G1. The power monitoring devices 80-2,
80-3, and 80-5 then respectively obtain the power consump-
tion feature variations ofthe electric appliances 110-2, 110-3,
and 110-5 in the electric appliance groups G2, G3, and G5
through the method described in the first embodiment or the
second embodiment.

Thereby, the power monitoring devices 80-1-80-5 deter-
mine whether the net power consumption feature variation is
greater than a power consumption feature threshold (step
S1540). In step S1550, the power monitoring devices 80-1-
80-5 search the electric appliance signature database accord-
ing to the net power consumption feature variation to obtain
and monitor the states of the electric appliances 110-1-110-5
in the electric appliance groups G1-G5 or a combination of
the states of the electric appliances 110-1-110-5. Step S1540
and step S1550 are similar to step S1150 and step S1160 in
FIG. 11 therefore will not be described herein. Additionally,
other detailed procedures in the present embodiment have
been described in foregoing embodiments therefore will not
be described herein either.

When foregoing third and fourth embodiments are imple-
mented, due to the problem of transmission bandwidth, a
power monitoring device on a lower level needs to perform
other power monitoring operations (for example, identify the
state of an electric appliance by using a remote search module
and synchronize with a power monitoring device on an upper
level, etc) besides transmitting the detected power consump-
tion feature variation to a power monitoring device on an
upper level. Thus, the power consumption feature variation
can be transmitted in a time-sharing manner. In other words,
the power monitoring device on the lower level can record a
section of a power consumption feature variation (for
example, one to two seconds of the power consumption fea-
ture variation) and transmits it to the upper level during each
period (for example, each minute), so at to accomplish the
distributed power monitoring system in foregoing third or
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fourth embodiment. During the rest time of each period, the
power monitoring device on the lower level performs other
power monitoring operations by using the bandwidth.

In summary, in an embodiment of the invention, when the
state of an electric appliance changes, a corresponding varia-
tion of the power consumption feature of the electric appli-
ance is produced. Accordingly, associations between electric
appliances, states of the electric appliances, and variations of
the power consumption features of the electric appliances
(i.e., an electric appliance signature database) are established
with user feedbacks. Then, in an embodiment of the inven-
tion, the electric appliance signature database is searched
according to a variation of a power consumption feature (for
example, voltage, current, power, harmonic wave informa-
tion of the current, and transient current wave produced when
an electric appliance switches states) of a monitored power
supply, so as to identify the state of an electric appliance to
which the monitored power supply supplies electric power.
Thereby, the power consumption of each electric appliance
can be recorded according to the variation of the state of the
electric appliance, and accordingly a user can conveniently
determine the power consumption cause and reduce the
power consumption.

Additionally, in an embodiment of the invention, a large
electric appliance signature database and a highly efficient
database searching capability are provided through the Inter-
net and the cloud computing technology such that a user can
record the brand, model, power consumption cause, and
power-saving suggestions of his/her electric appliances into
the electric appliance signature database. Accordingly, such
functions as a more specific power saving and management
plan, automatic power consumption cause judgment, power
consumption distribution analysis, and automatic power sav-
ing control can be achieved. On the other hand, a distributed
or tiered power monitoring system can be established by
using multiple power monitoring devices such that the power
monitoring devices on each level can monitor the correspond-
ing electric appliance group. Thereby, the operation load of
each power monitoring device can be distributed.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the invention without departing from the scope or spirit of the
invention. In view of the foregoing, it is intended that the
invention cover modifications and variations of this invention
provided they fall within the scope of the following claims
and their equivalents.

What is claimed is:

1. A power monitoring system for identifying a state of an
electric appliance, comprising:

a first power monitoring device, for measuring a power
consumption feature of a first power supply, so as to
detect and calculate a first variation of the power con-
sumption feature of the first power supply, wherein the
first power supply supplies electric power to a first elec-
tric appliance group and a second electric appliance
group; and

at least one second power monitoring device, for measur-
ing a power consumption feature of a corresponding
second power supply, so as to detect and calculate a
second variation of the power consumption feature of
the second power supply, wherein the second power
supply is a branch of the first power supply and supplies
electric power to the second electric appliance group,

wherein the first power monitoring device and the second
power monitoring device perform a level construction
step to obtain a relative position between the first power
monitoring device and the second power monitoring
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device and synchronously calibrate the first variation
and the second variation to calculate a first electric appli-
ance variation, when the first electric appliance variation
is detected, the first power monitoring device searches
an electric appliance signature database according to the
first electric appliance variation to obtain and monitor
states of a plurality of first electric appliances corre-
sponding to the first electric appliance variation or a
combination of the states of the first electric appliances,
wherein the first electric appliance group comprise the
first electric appliances.

2. The power monitoring system according to claim 1,
wherein the first power monitoring device and the second
power monitoring device perform the level construction step
by using a power line communication network to obtain the
relative position, so as to obtain an electricity meter topology
network.

3. The power monitoring system according to claim 1,
wherein the second power monitoring device generates a
meter consumption load at the second power supply, and the
first power monitoring device receives the meter consump-
tion load at the first power supply to obtain a position of the
second power monitoring device, so that the first power moni-
toring device and the second power monitoring device per-
form the level construction step and generate an electricity
meter topology network.

4. The power monitoring system according to claim 1,
wherein the first power monitoring device and the second
power monitoring device compare a synchronization test sig-
nal in the first power supply and the second power supply to
generate a time interval, so as to synchronize the first power
monitoring device and the second power monitoring device
or synchronously calibrate the first variation and the second
variation.

5. The power monitoring system according to claim 4,
wherein the synchronization test signal is a voltage sine wave.

6. The power monitoring system according to claim 1,
wherein the first variation is a first current wave of the first
power supply, the second variation is a second current wave of
the second power supply, and the first electric appliance varia-
tion is a net current wave generated by shifting the first current
wave and then subtracting the second current wave.

7. The power monitoring system according to claim 1
further comprising:

at least one third power monitoring device, for measuring a

power consumption feature of a corresponding third
power supply, so as to detect and calculate a third varia-
tion of the power consumption feature of the third power
supply, wherein the third power supply is a branch of the
second power supply and supplies electric power to a
third electric appliance group,

wherein the second power monitoring device receives the

third variation and synchronously calibrates the second
variation and the third variation to calculate a second
electric appliance variation, when the second electric
appliance variation is detected, the second power moni-
toring device searches the electric appliance signature
database according to the second electric appliance
variation to obtain and monitor states of a plurality of
second electric appliances corresponding to the second
electric appliance variation or a combination of the
states of the second electric appliances, wherein the
second electric appliance group comprises the second
electric appliances.

8. A power monitoring method for identifying a state of an
electric appliance, comprising:
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configuring a first power monitoring device for measuring
a power consumption feature of a first power supply, so
as to detect and calculate a first variation of the power
consumption feature of the first power supply, wherein
the first power supply supplies electric power to a first
electric appliance group and a second electric appliance
group;
configuring at least one second power monitoring device
for measuring a power consumption feature of a corre-
sponding second power supply, so as to detect and cal-
culate a second variation of the power consumption fea-
ture of the second power supply, wherein the second
power supply is a branch of the first power supply and
supplies electric power to the second electric appliance
group;
performing a level construction step by using the first
power monitoring device and the second power moni-
toring device to obtain a relative position between the
first power monitoring device and the second power
monitoring device;
synchronously calibrating the first variation and the second
variation to calculate a first electric appliance variation;

when the first electric appliance variation is detected,
searching an electric appliance signature database
according to the first electric appliance variation to
obtain and monitor states of a plurality of first electric
appliances corresponding to the first electric appliance
variation or a combination of the states of the first elec-
tric appliances, wherein the first electric appliance group
comprises the first electric appliances.

9. The power monitoring method according to claim 8,
wherein the level construction step comprises:

communicating with each other by using a wired network,

awireless network, or a PL.C network to obtain positions
of'a plurality of neighboring power monitoring devices,
s0 as to obtain an electricity meter topology network.

10. The power monitoring method according to claim 8,
wherein the level construction step comprises:

generating a meter consumption load at the second power

supply by using the second power monitoring device,
and receiving the meter consumption load at the first
power supply by using the first power monitoring device
to obtain a position of the second power monitoring
device, so as to generate an electricity meter topology
network.

11. The power monitoring method according to claim 8,
wherein the step of synchronously calibrating the first varia-
tion and the second variation to calculate the first electric
appliance variation comprises:

comparing a synchronization test signal in the first power

supply and the second power supply by using the first
power monitoring device and the second power moni-
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toring device to generate a time interval, so as to syn-
chronize the first power monitoring device and the sec-
ond power monitoring device;

shifting a current wave of the first variation or the second

variation to calibrate time of the first variation and time
of the second variation; and

calculating a difference between the shifted first variation

and the second variation to generate the first electric
appliance variation.

12. The power monitoring method according to claim 11,
wherein the first variation is a first current wave of the first
power supply, the second variation is a second current wave of
the second power supply, and the first electric appliance varia-
tion is a net current wave generated by shifting the first current
wave and then subtracting the second current wave.

13. The power monitoring method according to claim 8,
wherein the step of detecting the first electric appliance varia-
tion comprises:

when the first electric appliance variation is greater than a

threshold, searching an electric appliance signature
database according to the first electric appliance varia-
tion to obtain and monitor the states of the first electric
appliances corresponding to the first electric appliance
variation.

14. The power monitoring method according to claim 8,
wherein the first power supply and the second power supply
further supply electric power to a third electric appliance
group, and the power monitoring method further comprises:

configuring a third power monitoring device for measuring

a power consumption feature of a corresponding third
power supply, so as to detect and calculate a third varia-
tion of the power consumption feature of the third power
supply, wherein the third power supply is a branch of the
second power supply and supplies electric power to the
third electric appliance group;

after the second power monitoring device and the third

power monitoring device obtains a relative position
between the second power monitoring device and the
third power monitoring device, synchronously calibrat-
ing the second variation and the third variation to calcu-
late a second electric appliance variation; and

when the second electric appliance variation is detected,

searching the electric appliance signature database
according to the second electric appliance variation to
obtain and monitor states of a plurality of second electric
appliances corresponding to the second electric appli-
ance variation or a combination of the states of the
second electric appliances, wherein the second electric
appliance group comprises the second electric appli-
ances.



